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Polymers measured:

Aromatic polyimide (Kapton - H film)

Polyamide (Nylon)

Polytetrafluoroethylene (PTFE)

Polyethylene

Polystyrene

Polyvinyltoluene (PV_

Polymethylmethacrylate (PMMA, Lucite)



EROSION DEPTHS AND RATES FOR
POLYMERS MEASURED ON LDEF

EXPERIMENT A0114 (UAH)

All data from samples on Row 9 (leading edge -8 deg.)

Polymer Erosion Depth +

Kapton

Nylon

Polystyrene

PVT

PMMA

Polyethylene

PTFE

(_m)

260 _ 5

253 ± 19

375 ± 15

396 ± 27

566 ± 28

357 ± 21

33.5 ±5

Reaction Rate *

(cm 3 atom -1)

2.89 ± 0.06

2.8 _ 0.2

4.17 _+0.17

4.4 ±0.3

6.3 ± 0.3

3.97 ± 0.23

0.37 ± 0.06

|!

* Assuming an LDEF fluence for row 9 of 9.0 x 1021 atoms cm "2

÷ Errors quoted in parenthesis (except for Kapton) are simply the RMS

roughness of the exposed area. This is usually much rougher than the

unexposed.



COMPARISON OF EROSION YIELDS FROM LDEF

EXPERIMENT A0114 WITH PREVIOUS DATA

FROM STS-8 AND STS-41G

Material

Kapton

PTFE (or FEP)

polyethylene

PMMA

PMMA

polystyrene

Carbon; (HOPG)

Carbon; pyrolytic]

polycrystalline

Erosion Yieldst

LDEF Value

(this work)

2_89 + .06

0.37 ± .06

3.97 __..23

6.3 _.+0.3

4.17 ± .17

1.04

0.61

; cm 3 (oxygen atom)-1
Prior Value

3.00**

0.1 -

3.32 -

4.91"

3.14

1.7

0.6*

0.58

0.5

3.74

* Indicates UAH measurement on STS-8.

tabulations of others' data by JSC and LeRC.

** Error not quoted, may be 10-20%.

t Erosion yields for LDEF are based on a preliminary fluence of

9.0 x 1021 atoms cm -2.

Other values are from



SummarY

In general, agreement is reasonably good between erosion rates

from the UAH LDEF experiment and prior data obtained at much

lower mission fluences. Agreement is particularly satisfying in the

case of Kapton where the prior database is large.

We note that, in spite of the known presence of silicaceous

contamination on LDEF surfaces, the erosion rates of the highly

erodible materials are hardly affected, if at all.

Caution is needed in comparing profilometry data (all UAH data

is of this type) with weight-loss data. In profiiometry we establish a

ground-level

where the

material.

of unimpeded erosion and ignore pinnacles and mesas

material may have been protected by some foreign

We do not understand the difference between our own values of

erosion for HOPG graphite on STS-8 and LDEF.



CHANGES IN OPTICAL PROPERTIES OF
METAL FILMS EXPOSED ON LDEF

University of Alabama Experiment A0114

John Gregory
UAH

Palmer Peters
NASA, MSFC

Metals:

Nickel -400A

Gold 350,_

Niobium 300A

Iridium 300A

+ lOOA

• All sputtered films on optical quality fused silica substrates

• No interface binder coating used

• All films partially transmitting at visible wavelengths



Measurements included in this discussion:

Reflectance over the wavelength region 250 - 2500 nm

Transmittance at 4 Wavelengths in the visible

Stylus profilometry (Ir)

Optical microscopy (Ir)



LDEF Exnosure (6 vrs) Materials _ist A01!4

Me_tal Fillqs Non -metals Polymers
v --

(solid flats)

Ag C
Au Si
Au on C G e

S n C (sinale
W
Pt
Os
Ir

An on Ag SiC

Ge MgF2
Cu BaF2

Ta CaF2
N b LIF
Mo WC

Mg
A u on Nb
Ni

cryslal)

Lucite
I'VT

Kapton
Mylar
Teflon

Nylon
Polystyrene _
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LDEF, A0U_, C9-46, Au FILM, ]_LECTANCE (PE]_ENT)

72

E;7

50

43

3G

28

2i

t4

?

i;

.2

.0

.iS

.5

.3

.J.

.9

.'7

.4

.2

.0



U
Z

U

H

I

U

e--i
r-I
0

t_

L I I I 1 ..... I I I I

0 0 0 q 0 _ 0 0 0
d d o o d d d _ c_

e0ueJ,0eljeU

. !

0
d

q

o

E

0

lid
c;

0

0



LDEF, A0114, C9-46, Au FILM, TRANSMI'ITA/qCE (PE]_F_,N_

_] lIED

8_5YELL4_

BE GREEN

on BLUE

LDEIP, A011t,CB-_, Au FILM, E_t;'LECTANCE (P]_IC]_ _)

_]HD

m I_LLGM

mm_

W BLt_

UNEXPOSED ICX]POgED --D I FFEIIENCE



lOG, A Nb Fil_, T_._SNii[TWAtqC1EI (%)

39.8 -

3S .8 -

31.8

_7.9

;*3.9

19.9

iS .9

I1.9

8.0

4.0

0.0
UNEXPOSED EXPOSED D I FFEI_ENCE

J_ED

_'I YELLOW

mlG_EEN

_BLUE



LDF_', _'-",0114, Ct)-_2,

UNEXPOSED

800 A _ Fil_l, _TS/_pI_PAI_TC__, (%)

I_ED

YELLOW

m C_EEN

iBLUE

EXPOSED DIFFEDENCE



6.8--

G.1-

,'5.4 -

4.8-

4.1-

3.4-

;2.7-

2.0-

1.4-

0.7-

0.0

_m RED

YELLO_

! _P.EEN

m BLUE

UNEXPOSED EXPOSED DIFFERENCE

,?



%

C_
Lr_

I L

0

IE

,,1-

Z
W
_J

Z

U
(1"1

Lt')



/ J I

m

_r_ o

.J

J

lc

w

i

o

_J

_ as
I

1,, I

t

,.

L ,
w

i

?

J

t

/

U

P_

(0
L_-
cO

0
L
U

E

I
I--
(.3
Z

7.
CE
(.J
U')

¢.D

m

_c_

A

&

tB
L,

m



"%'-

lilt" _'

L.r,

CC

C_

ORIOIN_L PAGE IS

OF POOR QUALITY



i

(

O,d(-_ ,I,.'... PP_GE iS

OF FOOR QUALITY



• • , • • ................................. ° ,

• o o ...... . ........... ° ................. •

h
• . • . .................... ° ..........

. . • .... ° • • ; L ° • • . • ° • , • ° •
.... • • • .... ÷. •

• , • • • • .............. ° .............

• . • o ........... • ° . ........

• • . ° • • ° o ° • .... . .

....... LmEXpOSEU

............................. • ..........

LDEF, A0114, C9_5, Hi FILM, TRANSMrlTANCE (P_ICEMT)

UNEXPOSED EXP(3GED D I FFERENCE

|LOE


